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Preface

The Division of Air Quality presents this report to the North Carolina Environmental Management
Commission in accordance with the requiremeriiile 15A North Carolina Administrative Code
(NCAC) 02D .2509, Periodic Review and Reallocations.

The reporfprovides updated information on the subjects listed under Paragraph 02D .2509(b) where it is
available.

The information required includes:

(1) actual emissions from units covered under this Section 15A NCAC 02D .2509 since 2010 and all
other principakources of mercury;

(2) estimates of the amounts of the different species of mercury being emitted;

(3) createa mercury balance for North Carolina, including imported, exported astati®@ mercury
emissions and the fate and transport of mercury in the air and waterstait¢he

(4) what are the projected mercury emissions for 2015, 2018, 2023 and 20257?;

(5) discuss the amount of new source growth and projected new units growth through 2025;

(6) what is the state of mercury control technology, including technological and economic feasibility?;
(7) assessment of cost and performanaae@turycontrol techntogy as it may be applied to
uncontrolled sources ofiercuryin North Carolina, including both ceéited electric steam generating
units and other sources that emigrcury including an assessment of technology used to satisfy
requirements of the Cleam®kestacks Act (G.S. 14&15.107D), and other requirements for

controlling nitrogen oxide and sulfur dioxig80,) emissions;

(8) provide a recommendation of mercury control technology, including the cost and expected
reductions in mercury emissions;

(9) results of studies and monitoring on mercury and its species in fish in North Carolina, including an
evaluation of the impact of reduced mercury emissions fromfed| power plants on the levels of
mercury observed in fish tissue;

(10) a summary of nmeury-related health problems in North Carolina, including accumulation of
mercury in humans, toxicity and mercury exposures fromaioamitting sources;

(11) results of studies on mercury deposition, applying monitoring techniques, back trajedimig,ana
source attribution methodology, including other relevant methodologies, to assess the rolirafdcoal
units in North Carolina deposition;

(12) recommendations, if any, on rule revisions.

Images on the front cover page are photographs of séNeridd Carolina coafired electrical
generating units.
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Executive Summary

TheNorth Carolina Clean Smokestacks ACSA) andexisting rules require thivision of Air

Quiality (DAQ) to report on whether additional contretseyond those required by the CSA and

the US. Environmental Protection Agency (EPAare warranted to further reduce airborne

mercury emissions from coefited electric generating units (EGUS). Four related DAQ reports in
2003, 2004, 2005 and 2008 on the benefits and costs to reduce mercury emissions provided data
showing coafired EGUs vere responsible for the majority of mercury emissions in North

Carolina. This 2012 report provides updated on the same issues related to the control of mercury
emissions from codired EGUs and other principal sources of mercury. Information was
collectedon the most recent and projected future mercury emissions, existing and emerging
control technology performance and costs, new EPA rules with mercury emission limits,
dispersion and deposition modelimgercury in fishtrends andnercuryrelated healtindicators

of peopleconsuning localfish. The key findings of tis reportconsist of the following

Mercury emissions and emission corntrol

1 The 2010 point source inventory shows 1,860nds per yeail{s’yr) mercury emissions
from largely the same facilities designated as the prhsipurces of mercury in thease
as in the four earlier reportShere are 22 principal sources of mercacgounting for 98
percenbf t he statebds e mifiredEGUsramskightotherindustial ng 1 4
facilities.

1 Fifty-two percentof current Nrth Carolinamercury emissions (~98Bs/yr) are
attributed to coafired EGUSs. In response to the CSAwiemission controls for nitrogen
oxides (NOx) and sulfur dioxide (%) were installed during 2088010 on seven of the
largest EGU facilitiesit a cost of $2.9 billion to enhance existing control performance for
a collectived0+ percentmercury emission removalhe remainingeven smallecoat
fired EGU facilities lack #ective mercury controls and accordingly have heemwill be
retired by 2015.

1 The remaining 4®ercenwf statewide emissions (~88fks/yr) come from two metal
industry facilities, industrial boilers at paper mills, waste incinerators and many small
sources.

1 The 2012 EPA Mercury and Air ToxdStandard®kule for certain EGUs requiraercury
emission control of 9percentverified by catinuous monitors. Assessment of the
installed mercury control technologies on the largestiNCarolinaEGUs indicate 90+
percentcapture of total mercury and @&rcentof the forms of mercury prone to deposit
shortly after release into the air. Minarformance improvements with costs well below
the $2.9 billion CSA costs are underway at the largest EGUs to assure compliance with
new EPA emission limits.

Deposition fish levels and health problems related to mercury
1 Atmospheric éposition modelingndicates for the airborne mercury depositetliorth
Carolinain 2005 approximately 16percentcame from sources locatedNorth Carolina
while the majority came from distant sources outsideatiNCarolina (Modeling with
expected emission reduct®also indicates arcury deposition in birth Carolinawill
decline by 1(percentin 2016 compared to 2005




1 Routine statewide monitoring afercury in fish tissue forthé sat e 6 s mo st
fish has resulted in a statewide fish advisonyalsis esultsover recent yearnsdicate
no statisticallysignificanttrendsin mercuryin-fish tissue levels dt3 sites near EGEI

1 In a pilot studyassessing mercunglatedhealth problemg eastern Mrth Carolinano
correlation was foundetweerblood mercurylevels andhe number of fish servings
eaten.

Figure ES below shows the actual EGU mercury emissions in 20J@r@jedtions t®2025 with
reductions greater than ‘fiercentand 80percentfrom 2002 levels, respectively. The figure
reflects:
1 most recent reductions were achieved during 2P0O%0 from CSArequired new
emission controls, and
1 most future reductions will be achieved from retiring 26 smallerfea EGUs
and from burning less coal in the 20 largest EGUs.

Figure ES.North Carolina EGU Mercury Emission Trend from 20022025

-#-Reported Projected

3500

3000 >’\K\
2500

\ EGU mercury emission reductions from 2002:

Mercury 2000 \ Z;Og&bgyzzoolz%
Emissions, Ib/yr1500
1000 \ ‘
500

2002 2005 2010 2015 2018 2023 2025
YEAR

Vi

popul



In addition to thigmercuryreport by DAQ, a statewide mercury total maximum daily load
(TMDL) is being developed by the.®l Division of Water Quality (DWQ). Through this

process DWQ will estimate the proportions of mercury contributions to water and fish from
wastewater discharges;#tate and oubf-state air emission sources, and calculate appropriate
reductions neede achieve the TMDLThe TMDL will be submitted to EPA in 2012 arsl
subject tats approval.

Given the above finding®AQ concludes that additional contréldeyond those required by
the CSA and EPA offer limited opportuniesand benefgto further reduce mercury emissions
from coalfired EGUSs. A future report sihlar in scope to this 2012 report igjreredin 2018 and
2023under current rules [¥’5NCAC 02D .2509(e){o evaluatewhether the above statd-the-
science findings and trends continue and whetheE B Mercury and Air ToxicStandards
Rulefor EGUswithstand the litigation challenging the rule.

Vil



Sectionl. Actual emissions from units covered under this Section 15A NCAC 02D .2509
since 2010 and all other principal sources of mercury.

1.1 Definitions:

AActual 0O means presently existing in
AEmMi ssi onso means the amount of airborne,
9 AFrom units cover ed u-firedatlity ¢lectiicgensraiguniis o n 0
(EGUs).

9 AAlIl ot her principal sources of mercuryo

point sources with emissions greater thareficentof total mercury emissions in the
most recent annual North Carolina mercury inventory.
7 A S o ur caessthe indiMdual units (such as boilers and incinerators) located at a

facility or plant, with the sum of emissions from all sources at a plant representing the

total facility-wide emission.

1.2 Actual Mercury Emission Estimates
Actual emission estimagevere developed from emission factors and production levels

consistent with annual actual emission inventories, reported by utilities and industries to DAQ

and EPA. DAQ used 2010 emission inventory data, the latest year available for this report.
Based a the estimated statewide mercury emission total of Ip8&@ds per year (lbg) in

2010, principal sources of mercury were considered those with emissions greater than 18 pounds

per year (>IJpercenwof theestimated statewide mercury emission tofdl,850Ibs/yr).

Table 1 presents the most recent stationary source air emissions inventory of mercury air
annual emission rates for the top 22 principal sourceslbsi8). The top 22 sources are
presented in rank order of their emissiofinalysis of the statewide inventory indicates that:

1 52percenpf the emissions (~9605/yr) are attributed to codired EGUs from the two
primary utility companies: Duke Energy Carolinas LLC (Duke Energy) and Progress
Energy Carolinas LLC (Progre&snergy).

© Currently, all Duke Energy and Progress Energy-ficedl EGUs emit mercury in
the range of 1840 Ibs/yr; whereas as recently as 2006 same units emitted
mercury in the range of 16100 Ibs/yr.

°  Currently, 14 of the top 22 mercury emissfanilities are coafired EGUs,
whereas as recently as 2086alfired boilerswere13 of the top 15 emission
facilities. Flue gas desulfurization (FGDrsibbersand selective catalytic
reduction/nonselective catalytic reductiozontrols were installeth response to
the CSArequirements for sulfur dioxide ($J0and nitrogen oxides (NOXx)
reduction respectivelyat sevenof the largest EGU facilities (instefil on the 20

largest EGU boilerby 2010 also significantlyhelp toreduce mercury emissions.

1 The remaining 4®ercenbf statewide mercury emissions is attributed to various steel
mills, industrial coaffired boilers at paper mills, publicly owned treatment works

(POTW, sewage treatment), and numerous small sources. Currently, a manufacturing

facility is the largest emitter of mercury emissionghie gate. Statewide emissions from
nonEGU facilities are distributed as follows:

© 17 percent(~320Ibs/yr) from two metal industry facilities

0 12 percent(~220lbs/yr) from three paper industry facilities

me
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but two emitting less thab8 Ibs/yr
Emissions from the two steel mills iroith Carolinavere declining from
implementation of the mercury switch removal progianthe N.C. Division of Waste
Managenent.Mercuryemissions alNucorwere nearly 700 pounds in 200Rucor
emitted less tha200 poundin each year during the 20@®09 period, however
emissiongose tonearly 300 Ibs in 2010
A few industrial coafiired boilers have recently switched fsai¢tom coal to natural gas,
such as the Domtar Paper Mill in Plymouth and the DuPont Plant near Kinston.

3 percentfrom one municipal sewage sludge incinerator facility
1 percentfrom one fertilizer industry facility

1 percentfrom one medical waste incinerator facility

15 percent(2801bs/yr) from the other ~600 statewide facilities reporting with all

Table 1-1. 2010 Actual Mercury Air Emission Inventory of North Carolina Sources
(Emissions rounded off with no decimal points, given uncertainties)

N.C. Mercury Emission Source

Total Mercury
Emission, lbs/yr

Industry sector, major

Ranking mercury emission source
Non-
Utility | Utility
Rank | Facility
1 Nucor Steel Hertford 294 Steel, electric arc furnace
2 Progress Roxboro 141 EGU, coal boilers
3 International PaperRiegelwood 123 Paper, coal boilers
4 Progress Sutton 116 EGU, coal boilers
5 Progress Lee 112 EGU, coal boilers
6 Duke- Cliffside 91 EGU, coal boilers
7 Duke- Riverbend 88 EGU, coal boilers
8 Duke- Buck 81 EGU, coal boilers
9 Progress Cape Fear 79 EGU, coal boilers
10 Progress Mayo 69 EGU, coal boilers
11 Greensbore Oborne 54 Governmentsludge incinerator
12 Duke- Marshall 52 EGU, coal boilers
13 Blue Ridge PaperCanton 46 Paper, coal boilers
14 Duke- Dan River 36 EGU, coal boilers
15 Progress Weatherspoon 34 EGU, coal boilers
16 Kap_stone Kraft Papér Roanoke o9 Paper, coal boilers
Rapids
17 Elementis Chromium 26 Chromium products, oil fired kiln|
18 PCSPhosphate Aurora 25 Fertilizer, coal calciners
19 Progress Asheville 23 EGU, coal boilers
20 Duke- Belews Creek 20 EGU, coal boilers
21 Stericyclei Haw River 19 Waste, medical waste incineratq
22 Duke- Allen 18 EGU, coal boilers
Subtotals, Principal sources 962 615
Total, Principal sources 1577




1.3 Uncertainty in Mercury Air Emission Estimates

The mercury emissions for utility sources are estimated frorsgéeific emission test data,

EPA emission factofsand Electric Power Research Institute (EPRI) correlation equations since
no EGUs were using certified mercury continuous emission monitoring systems in 2010. All
EGU EPRI equations are based on various factors such as control device configuration, along
with the mercury, chlorine and sulfur content of colslost mercury emissions for nartility

sources are estimated from EPA emission factath a few from sitespecific stack test data.

Some facilities such as Nucor Steel and Stericycle conduct astagkltesting, while other

facilities rely on a on¢ime stack test potentially conducted several yearslagertaintyls

involved with extrapolating a ortéme stack test to estimate annual emissi&usn more
uncertaintyis involved with utilizing apublished emission factor based on average test data of
possibly norsimilar sources. The fact that there are three published emission factors from which
facilities can choose further ecerlates the uncertainty in the emission estimates. A ferthN
Carolinasources maybeovwerst i mating their emissions- based
42 emission factowhenthere was no obvious alternative. A similar situation occurred for

EGUsi where EGUs were ovarstimating their mercury emissioh®eforemore site-specific
emission testing started to be performed in 1999. Future emission inventories should focus on
obtaining more current sigpecific test data where justified, and should focusmmmoved

emission factors for some facilities that may lgmigicantly overestimating emissions.

Table 12 illustrates other key points in the uncertainty in the emission estimates. It presents the
published mercury emission factors used for many of the industrial boilers in the 2010 North
Carolina emissiomiventory. The table also contains values derived from the inventory for EGU
emission factors and the level of mercury in coal (coal mercury). Both mercury emission factors
and coal mercury values are presented in the same units of measure, pounds gfgeercur
trillion British thermal unitslps mercury / TBtu coal). Review of TableZlindicates that:
1 For the first set of data on utility and industrial ebedd boilers, there are three
published emission factors, ranging fromi@ lbs mercury / TBtu cdathat facilities can
choose to use, independent of the type of emission control applied. Facility A could
estimate lower emissions than Facility B, even though it burns twice as much coal and
has a less effective type of emission control because it selddt a smallefdur times
smaller) emission factor than Facility B. Note that while these emission factors were
developed from bituminous and shiiuminous coals, only bituminous coal is burned in
North Carolinalt is no longer the practice dforth CarolinaEGUSs to use AR2
emission factors because s#jgecific emission factors possess higher data quality than
generic ones.
1 For the second set of data onrtth CarolinaEGUSs, there are sigpecific emission
factors ranging from 0.156 Ibs mercury TBtu coal for the most effective mercury
control configurationé€lectrostatic precipitator [ESEpld-side with FGD and selective
catalytic reluction[SCR]) and the least effective mercury control configuration (ESP hot
side). Ths data vasderived fromsite specific emission tests and EPRI correlation

LE P AComjiilation of Air Pollutant Emission Factors, Volume 1: Stationary Point and Area Sburce4®)P
2EPR|, fiAn Assessment of Mercury Emissions from U.S. Ceiséd PoweiPlantso Palo Alto, CA: Report
1000608, 2000.



equation estimates. These emission factors were developed specificallydrtm
CarolinaEGUSs burning bituminous coals for the respective type(s) of emission control
device appliedBy 2015 coalfired EGUs will be required to operate and certify
continuous emission monitoring systems (CEMS) for mercbBMS produce higher
data quality than sitspecific emission factors.

1 For the third set of data on coal mercury, the EGU coal factors, ranging f8dbs4
mercury / TBtu coal, were derived from available bituminous coal use and coal content
data in the 1999 EPA&formation Collection RequesiGR) for coakfired utilities and
the 2010 North Carolina emission inventory. Bituminous coal data availableéNfootim
CarolinaEGUSs in 2006 shows a range fron8 Tos mercury/TBtu. DAQ has not found
any coal mercury data for.@®. industrial boilers. However, bituminous coal data
available from the proposed Industrial BoiMaximum Achievable Control Technology
(MACT) Rulée’ in 2011 shows a range from8bs mercury/TBtu? comparable to Brth
CarolinaEGUSs. Since INC. industrial boilers burn bituminous coal comparable to other
industrial boilers an®lorth CarolinaEGUSs, this data suggests mercurycoal factor fo
industrial boilers would be-8 Ibs mercury/TBtu coal.

® National Emission Standards fdazardous Air Pollutants for Maj@ources: Industrial, Commercial, and

Institutional Boilers and Procekkeaters seehttp://www.epa.gov/airquality/combustion/actions.html

“Eastern Regional Group, fARevised MACGCommercaloand Anal ysi s (
Institutional Boilers and Process HeatertiNnalEmission Standards fd#azardoughir Pollutantsi Major

SourcesAppendixB, A-1(aYvi)o t o B r 1, BRA, NB\n201d apeessedt http://www.regulations.goin

Docket No. EPAHQI OARi 2002 0058in April 2012



Table 1-2. Mercury Emission and Coal Mercury Factors

Emission Factor | Emission Control | Coal Type
Ib mercury / TBtu coal
1. EGU and Industrial Coalfired Boiler Emission Factors
AP-42 Table 1.117 16 Uncontrolled Bituminous,
Subbituminous
AP-42 Table 1.118 4 ESP, FF, FGD Bituminous,
Sub-bituminous
Industrial Boiler MACTRule 0.4-5 All types: ESP, FF, Bltumlnqus,
cyclone Subbituminous
2. North Carolina EGU Emission Factors
5-6 ESR HS
Duke & Progress Energy 45 ESP CS Bituminous
0.52 ESR CS/ FGD
0.151 ESR CS/ FGD/ SCR
C. Mercury-in-Coal Factors
1999 ICR, NC EGU 4t08
2006, NC EGUs 7108 Uncontrolled Bituminous
2011 Industrial Boilers 7t08

Notes: AP-42 at http://www.epa.gov/ttn/chief/ap42/ch01/final/c01s01.pdf

NC EGUs Emission Factors derived from 2006 Emission Inventory (El)

ESP = Electrostatic Precipitator, CS = Cslde, HS = Hot side

FF =Fabric Filter

FGD = Flue Gas Desulfurization scrubber

SCR = Selective Catalytic Reduction

MACT = Maximum Available Control Technology
1999 ICR = EPA Information Collection Request éoakfired utilities in 1999

1.4 2010 Actual Mercury Air Emissionisventoryi Other EGLs
Six additional coal burning egeneration boilers were not included in Table 1 because 2010
mercury emissions were 10 lbs or below. Thayeaeration boilers generally have low mercury
emission rates and low annual mercury emisstluesto low coal throughput and highly
effective mercury emission controls (fabric filters with@@centcapture efficiency).

1.5 Other Mercury Emissions (NefPoint Source)
The emissions data discussed thus far reprebkemth Carolina stationarypoint source
contribution from permitted facilities (approximately 1,850 Ibsnercury in 2010, versus
4,150Ibs of mercury in 2006). Other types of sources emitting mercurpithi€arolina
includenon-point sourceand mobile source®Based on the mostcent data in th2008
National Emissions InventorfEPAestimate an additional 22bs of anthropogenic mercury
emissions in Mrth Carolinafrom on and offroad mobile sources, industrial fuel use,
crematoria, fluorescent lamp breakage, dental altoglyction and residential fuel combustion.




Section2. Estimates of the amounts of the different species of mercury being emitted

2.1 Definitions
7 The three Adifferent species
includese |l ement al mer cury vapor,
mercury) and partickeound (PB) mercury.
9 AEsti mateso means mgtheamountot memuryssubdipdpd inioxhe mat i
three different mercury species.

mer c y be

of ur
foxidi zedo me]

2.2 Speciated Mercury Emission Estimates

Numerous industry and government sponsored research studies-finecbBlGUs have

measured the three mercury species, and each bagmped emission factor approaches to

estimate speciated emissions based on several measurements. Speciated mercury estimates are
also available for most neBGU industry categories, but are based on a much smaller database

of speciated mercury measurertsgmr are estimates based on engineering judgment of similar
sources with similar factors affecting mercury speciation.

Mercury is more complex than other methlatare hazardous air pollutants (HAPS) that consist
largely of one form. In contrast, mercury has three different forms or species of mercury emitted
by coalfired utility boilers and manufacturing facilities into the atmosphere. Each mercury
species possess its own set of unique properties that leads to distinctive behavior and reactivity
characteristics. To understand how to control its emission in industrial process and how to
predict its behavior in the atmosphere, one must accouat@bimercuryspedes Much of the
technology to control mercury emissions was not able to be developed until after a method to
reliably measure mercury species was first used in 1999.

Prior to 1999 no widely accepted reference methasitedin the United States to spate

mercury emissions. EPA proposed a reference method to speciate mercury emissions as part of
the 1999 Information Collection Requests for EG$snce 1999, results from numerous studies

on coalfired EGU mercury control with the reference method vpeoeluced to develop

emission estimates of the three species. The speciated mercury data were compiled into common
groups by coal type and emission control configurateog,(bituminous coal, ESP ccklde
[ESRCS]with FGD) by which to develop the avegemercury speciation profiles for each EGU
subgroup. Speciated mercury data presented in Table 3 for the EGUs were based on emission
factor data processed by EPAIsing the same ICR data, the electric utility industry developed
correlation equations bag on control device configuration and mercury, chlorine and sulfur
contents in coal.Spot checks made on®! facility speciated mercury data produced by EPA
emission factors and industry correlation equations showed comparable results within the
relative uncertainty of emission estimates.

®> AmericanSociety for Testing and Materials (ASTM)ethodD678402 adopted in 2002.

*EPA, fAElectric Generating fWtri Itihtey CMeraa u rAyi-458/pmta icaitriyo rR uf
010, November 2011

"TEl ectric Power ARAssessmentoiMercaryBEmissions frem U.$i Geiséd Power Plants o

Palo Alto, CA: 2000. Report No. 1000608.



However, information is limited on speciated mercury emissions for the remainifg@idn
sources. The speciated mercury profiles for thelBGR facilities in Table 4 were developed
from data contained in another ERgport®

Table 21 presents the estimated mercury species emitted in 2010 for the top 22 principal sources
in North Carolina Unlike Table 1that presented the top 22 sources in rank order of their total
mercury emissions, TableR2presents the same 22 sources organized in groups of similarity in
the speciated mercury profile and similarity in their emission control configuration. Such an
arrangement facilitates discussing the 22 facilities in five common groups based on their
speciated mercury profiles, rather than discussing each facility individually. The speciated data
were estimated as follows:

1 14 EGU coal boilersSpeciated mercury emisss for the EGU facilities are estimated
based on the2010total mercury inventory and the correspondspgciation profile
percentages faheir EGU subgroupavailablein Reference 3.

1 8 Other sourcesSimilarly, speciated mercury emissions for tien-EGUs are estimated
based on th2010total mercury inventory and the correspondspgciation profile
percentageﬁor the following industries:

Two metal industry facilities

Three paper industry facilities

One municipal sewage sludge incinerator facilit
One fertilizer industry facility

One medical waste incinerator facility

O O o o

Review of Table 21 shows:

1 Elemental mercury is the dominant mercury species-@68erceny emitted from the
first six EGU facilities listed controlled with ESPs and FGD scrubbers on each boiler
(Marshall, Asheville, Belews Creek, Allen, Roxboro and Mayo).

1 Oxidized mercury is the dominant mercury species {A®percen} emitted from the
sevenEGU facilities without an FGD on each boiler (Nuerb #14: Cliffside, Sutton,
Lee, Dan River, Cape Fear, Weatherspoon, Riverbend and Buck).

1 For the hybrid facility (Cliffside)with most of its capacity controlled by an ESP and
FGD and the remaining capacity controlled by an ESP, elemental and oxidiraayn
emissions are estimated to be equivalent; note Cliffside has 4 smaller boilers without a
FGD and one large boiler with a FGD).

1 Similar to the EGUs without FGDs, the cdméd industrial boilers anthekilns at the
three paper milldertilizer plant and chromium facilit{Numbers 1519), are projected to
emit more oxidized mercury (§%rcen} than elemental mercury (4#rcen}.

1 Elemental mercury is the dominant mercury species-8&gierceny projected tde
emitted from theast three facilies listed(Numbers20-22; medical waste incinerator,
steel mill and the publicly owned treatment works).

® EPA, fiEmission Inventory and Emissidtrocessing for #aClean Air Mercury Rulé March 2005.



Table 2-1. Speciated Mercury Emission Estimates of North Carolina Principal Sources for
2010Based onEPA Speciation Factors
(Emissiongounded off with no decimal points, given uncertainties)

Speciated Mercury Emissions

. Industry category,
N-CI-:Mﬁ_rCUg EE’_'SS'O” Elemental | PB | Oxidized | Elemental | PB | Oxidized | major mercury
acility Ranking emission source
percent Ibslyr
Facility
1. Duke- Marshall 92% 0.2% 8% 48 0 4 EGU, coal boilers
2. Progress Asheville 92% 0.2% 8% 21 0 2 EGU, coal boilers
3. Duke- Belews Creek 92% 0.2% 8% 18 0 2 EGU, coal boilers
4. Duke- Allen 92% 0.2% 8% 17 0 1 EGU, coal boilers
5. Progress Roxboro 89% 0% 11% 125 0 16 EGU, coal boilers
6. Progress Mayo 79% 1% 21% 54 0 14 EGU, coal boilers
7.Duke- Cliffside 48% 4% 48% 44 4 44 EGU, coal boilers
8. Progress Sutton 33% 5% 61% 39 6 71 EGU, coal boilers
9. Progress Lee 30% 6% 65% 33 6 73 EGU, coal boilers
10.Duke- Dan River 26% 6% 68% 9 2 25 EGU, coal boilers
11.Progress Cape Fear 26% 6% 68% 20 5 54 EGU, coal boilers
\%\fé;rﬁgrrsesson 26% | 6% | 68% 9 2 | 24 EGU, coal boilers
13.Duke- Riverbend 37% 5% 58% 33 4 51 EGU, coalboilers
14.Duke’ Buck 37% 5% 58% 30 4 47 EGU, coal boilers
;?e'g‘etﬁﬂrlgﬁg' Paper 47% | 1% | 52% 58 1 64 Paper, coal boilers
16.Blue Ridge Paper 47% 1% 52% 22 0 24 Paper, coal boilers
17.Kapstone Kraft Paper 47% 1% 52% 14 0 15 Paper, coaboilers
18.PCS Phosphate 47% | 1% | 52% 12 0 13 Fertilizer,coal
calciners
19. Elementis Chromium 47% | 1% | 52% 12 0 13 Chrom"iﬂ‘np’Od”Cts
20. Stericycle 60% | 10% | 30% 11 2 6 Medical waste
incinerator
21.Nucor Steel 81% | 15% | 4% 238 | 44| 12 Stee}!’ electriarc
urnace

22.Greensbore Oborne 80% 10% 10% 43 5 5 POTW
Total of Top 22acilities 910 | 89| 579 Tmi"gg?{ggrf

PB = Particlebound mercuryDuke = Duke Energy; Progress = Progress Energy

Table 22 summarizes the speciatercury emission estimates obfth Carolinad s

sources based on the 2010 emission inventory. Review of the summary table shows:
1 Most EGU mercury emissions are estimated to be elementpk(62n} with nearly as
much oxidized mercury (4dereni), followed by 4percentparticlebound mercury. In
comparison to 2006, the 2010 inventory reflects a significant shift in the speciated

principal



mercury emission profile dkere isincreasingproportionin elemental mercury and
decreasingroportionof oxidized mercury. This shift is largely due to the recent
installation of FGD scrubbeiswhich capture most of the oxidized merc@oy nearly

80 percentof theNC coatfired EGU capacity

1 Non-EGU emissions, on average, are distributed with much nhemgeatal mercury (67
perceny than oxidized mercury (2%rcen}, with 9 percentoeing particlebound

mercury.

1 Like the EGU trend, the statewide trandhe speciated mercugmission profiles an
increasing amount in elemental mercwiyh a decreasintgvel of oxidized mercury.

Table 2-2. Summary of Speciated Mercury Emission Estimates of I€. Principal Sources

for 2010

(Emissions rounded off with no decimal points, given uncertainties)
North Carolina Elemental Particle- Oxidized| Elemental Part'c'e_Oxidized

i Mercur bound Mercur Mercur bound Mercur Averages
Spe_ma_ted Mercury y Mercury y y Mercury y
Emissions
Lbs/Yr Percent of Total Mercury

EGU Subtotal 501 35 426 52% 4% 44% | EGU Average
Non EGU Subtotal 409 54 152 67% 9% 25% | Non-EGU Avg
Total 910 89 578 58% 6% 37% |Average of Tot3
EGU Total Mercury Total Emissions 962

Non EGU Total Mercury Total Emission

615




Section3. Create a mercury balance for Mrth Carolina, including imported, exported and
in-state mercury emissions and the fate and transport of mercury in its air and waters.

Recent estimates of annual global mercury emissions from both natural and anthropogenic
sources are in the range of 10 million to 16 milliorfytbS Some of the mercury released from
sources deposit nearby while the remainder can travel thousands of miles in the atmosphere
before it is eventually deposited back to the earth in rainfall degosition) or in dry gaseous

form (dry deposition). The suspended mercury traveling such great distances is referred to as the
global pool of mercury. The Electric Power Research Institute calculated that up to 10 percent of
mercury released is deposit@thin about 60 miles of a power plant, 50 percent is deposited
within about 600 miles, and the rest is transported glob&lyie amount deposited depends on

the form and rates of mercury species released along with the height and exit velocity of the
release point. Mercury dispersion modeling by the EPA for all sources of mercury shows similar
distribution patterns.

Mercury exists in the atmosphere in three forms or species: (1) elemental gaseous mercury
which is relatively nofreactive; (2) gaseous oxidized mercury, which is highly reactive; and (3)
particlebound mercury, which is attached to particles. Gibarit is gaseous and neneactive,
elemental mercury has a long atmospheric residence tirtieearder of a year and is capable of
being transported over very long distances, forming most of the global background of riercury.
Due to their shorter atmospheric lifetime on the order of days to weeks, oxidized mercury and
particlebound mercury argansported over relatively short distances and can deposit via wet
(rain) or dry processes within roughly 60 to 600 miles of their source.

Given the above information, EPA and DAQ conducted modeling to estimate the amount of
atmospheric mercury depasih across the country and the state, respectively. EPA modeling
results for theMlercury and Air Toxics Standard§IATS) rule suggests how much mercury
deposition in North Carolinaould occur and how muakiould decrease between 2005 and

2016. The DAQ seritsvity modeling indicates how much of the mercury deposition in North
Carolina comes from air emission sources located in North Carolina in 2005 and how much of
that is expected to drop by 2016. The following discussion describes the methodology asd resul
of the EPA and DAQ deposition modeling.

3.1 EPA Mercury Modeling

Methodology

In support of the MATS rule, the EPA modeled total annual mercury deposition from U.S. and
foreign anthropogenic and natural sources using the Community-ddale Air Qualiy

(CMAQ) model. The CMAQ model (www.cmagodel.org) is a state of the science three

di mensi onal-aEmbsephanetopbotochemical transpor

° United Nations Environmerrogramme Global Atmospheric Mercury Assessment: Sources, Emissions and

Transport accessedtttp://www.epa.gov/international/toxics/mercury/mercury contextifvorldwideMay 2012.

19'U.S. EPA (1997)Mercury Study Report to Congressol. 3. Section 5.

“"Northeast States for Coordinated Air Use Management (I
Northeast United StateMlarch 1, 2008, p.3.



http://www.unep.org/hazardoussubstances/Mercury/MercuryPublications/GlobalAtmosphericMercuryAssessmentSourcesEm/tabid/3618/language/en-US/Default.aspx
http://www.unep.org/hazardoussubstances/Mercury/MercuryPublications/GlobalAtmosphericMercuryAssessmentSourcesEm/tabid/3618/language/en-US/Default.aspx
http://www.epa.gov/international/toxics/mercury/mercury_context.html#worldwide

quality conditions**3** The CMAQ model simulates the formation and fate of pHutotcal

oxidants, ozone, primary and secondary particulate matter concentrations, and air toxics over
regional and urban spatial scales for given input sets of meteorological conditions and emissions.
Mercury estimates from CMAQ have been compared to vhsens and other mercury

modeling systems in several peer reviewed publicafitiis! Additional information about the

model, model inputs for this assessment and model evaluation are available in the EPA Air
Quality Modeling Technical Support Documéht

The EPA conducted the modeling on a national dorttaitwas modeled at 3&lometer km)

grid resolution (i.e., 36 km by 36 km square grids) and an east8rddsnain at a 12 km grid
resolution (See Fig-3). The eastern 3. domain covers a smaller areHowever, the smaller

grid size provides higher quality results due to enhanced grid resolution.

The EPA modeled three scenarios: 1) a base year using 2005 emissions data, 2) a future year
using projected 2016 emissions data and 3) the projected 20d€iama with the emissions

from the US. EGUs removed. The 2016 scenario is intended to represent the emissions
associated with growth and controls in that year projected from the 2005 simulation year. The
controls assumed full implementation of the Cr8te Air Pollution Rule (CSAPR) and the
MATS rule. Only the US. anthropogenic emissions changed between the 2005 and 2016
simulations all other model inputs remained the same. The other model inputs that remained
unchanged included the meteorology, the biogenic emissions, the Canadian emissions (based on
2006 data), the Mexican emissions (based on 1999 data) and the boundary cdoditien36

km grid national domain.

2 Appel, K.W., A. B. Gilliland, et al. (2007). "Evaluation of the Community Multiscale Air Quality (CMAQ)
model version 4.5: Sensitivities impacting model performance P&@tbne." Atmospheric Environment 41(40):
96039615.

13 Appel, K. W., P. V. Bhave, et al. (28] "Evaluation of the Community Multiscale Air Quality (CMAQ) model
version 4.5: Sensitivities impacting model performance; Papdrticulate matter." Atmospheric Environment
42(24): 60576066.

1 Byun, D., Schere, K.L. (2006). Review of the goverréggations, computational algorithms, and other
components of the modeBsCommunity Multiscale Air Quality (CMAQ) modeling system. Applied Mechanics
Reviews 59, 5177.

5 Bullock, O.R., Atkinson, D., Braverman, T., Civerolo, K., Dastoor, A., Davignon, D, JK., Lohman, K.,
Myers, T.C., Park, R.J., Seigneur, C., Selin, N.E., Sistla, G., Vijayaraghavan, K., (2008). The North American
Mercury Model Intercomparison Study (NAMMIS): Study description and mtmdeiodel comparisons. Journal of
Geophysical Reseah-Atmospheres 113.

% Bullock, O.R., Atkinson, D., Braverman, T., Civerolo, K., Dastoor, A., Davignon, D., Ku, J.Y., Lohman, K.,
Myers, T.C., Park, R.J., Seigneur, C., Selin, N.E., Sistla, G., Vijayaraghavan, K. (2aG8)alysis of simulated
wet deposition of mercury from the North American Mercury Model Intercomparison Study. Journal of Geophysical
ResearchAtmospheres 114.

YLin, C.J., Pongprueks, P., Rusell Bulock, O., Lindberg, S.E., Pehkonen, S.O., Jang, Gm&mave, Ho, T.C.,
(2007). Scientific uncertainties in atmospheric mercury models II: Sensitivity analysis in the CONUS domain.
Atmospheric Environment 41, 6545660.

18.S. EPA. (2011b). Air Quality Modeling Technical Support Document: EGU Mercury AsalBA454/R11-
008.



Figure 3-1: Map of the CMAQ photochemical modeling domains.

The black outer box denotes the national modeling domain with a 36 km grid resolution; the red
inner box is the western U.S. domain with a 12 km gridluéisn; and the blue inner box is the
eastern U.S. domain with a 12 km grid resolution.

The boundary conditions represent the global emissions, for both criteria and toxic pollutants that
would be transported into the United States. The EPA used th&GHEM (Goddard Earth
Observing Systern Chemistry)model, a threglimensional global atmospheric chemistry

model, to simulate these global emissions using a 2000 based global emissions inventory.
Although the global datarebased on 2000 emissions, a recently published comparison of global
mercury emissions by continent for 2000 and 2006 sklow discernible change in mercury
emissions from Asia between 2000 and 280Bhe EPA chose not to adjust the global emissions

for the 2016 scenarios since the Asian mercury emissions were consistent between 2000 and
2006, the declining ambient mercury concentrations in the northern hemisphere sirféeaz@0D0

the large uncertainties surrounding projected global inventories of meroisgiens.

EPA Modeling Observations
Within the revised Mercury Technical Support Docurfiethe EPA made the following
observations regarding estimates of total mercury deposition and mercury deposition attributed
to U.S. EGUs for the 2005 and 2016 scanar
1 Patterns of total and L% EGU-related mercury deposition differ considerablyeas
of elevated total mercury deposition are distributed around the country. By contrast,

¥ streets, D.G., Zhang, Q., Wu, Y. (2009). Projections of Global Mercury Emissions in 2050. Environmental
Science & Technology 43, 29&€3%88.

2 glemr, F., Brunke, E.G., Ebinghaus, R., Kuss, J. (2011). Worldwide trend of atmospheizynsince 1995.
Atmospheric Chemistry and Physics 11, 4A4737.

2LU.S. EPA. (2011c). Revised Technical Support Document: Nat®cale Assessment of Mercury Risk to
Populations with High Consumption of Selught Freshwater Fish. In Support of thgpropriate and Necessary
Finding for Coal and OilFired Electric Generating Units. EP452/R11 009.



U.S. EGU mercury deposition is concentrated in the eastartetiStates espeailly

in the Ohio River Valley, where there is a large number offieal EGUs. While

some neacoastal areas and portionstoé Great Lakes have elevate@U

attributable deposition, many of the highest areas (and largest expanses) of EGU
attributable e@position occur inland (e.g., Ohio River Valley, areas in northeast Texas
and along the Mississippi River).

1 U.S mercury deposition is generally dominated by sources other tiafEGUs and
the contribution from W& EGUs decreases between the 2005 and 2016 scenarios:
On average, 5. EGUs contribute 5 percent of total mercury deposition for the 2005
scenario, which decreases to 2 percent for the 2016 scenario. The remaining mercury
deposition (i.e., ~95 percent anéi8-percent, respectively for the two scenarios)
originates from other 1$. sources of mercury emissions and from international
sources (both anthropogenic and naturaly. HGU-attributable deposition decreases
considerably between the 2005 and 2016 stesgrimarily from implementationfo
the CSAPR, state mercury regulations daderal enforcement actioffs.

1 The contribution of L& EGU-attributable deposition to total deposition varies
across watersheds and can represent a relatively large fraction in some instinces:
the 2005 scenario, while on averageS.UEGUSs only contributed 5 percent of total
mercury deposition in the.8,, this contribution ranged up to 30 percent for the 99th
percentile watershed. While overall3JEGU-attributable deposition decreased
substantially between the 2005 scenario and the 2016 scen&igGUs
contributed 11 percent of total mercury depositior the 99th percentile watershed
in 2016. For more information on this discussion, refer to the Revised Technical
Support Document: Nation&cale Assessment of Mercury Risk to Populations with
High Consumption of Selfaught Freshwater Fish.

MercuryModeling Results for North Carolina

The mercury deposition results in North Carolina for the EPA modeling scenarios are displayed
in Table 31. The modeling results indicate that the mercury deposition over North Carolina is 10
percent lowei 990 990pounds in 2016 compared to 2005. Removing all of th& [ EGU

mercury emissions in 2016 only reduces the 2016 total depositiaB0qyo2inds or 2.5 percent.

Table 3-1. Total mercury deposition over North Carolina from the EPA Modeling
(Numbers rouded, given the modeling uncertainties)

Scenarios Total Mercury I_Z)eposition over | Total Mercury Deposition over
N.C. in Kg N.C.in Ibs
2005 4,500 9,930
2016 4,050 8,930
2016 with no EGUs 3,950 8,700

2 Controls on PM precursors, including directly emitted PM ang 8@h significantly reduce divalent and particle
bound mercury, both of which primaritleposit locally and regionally. For more information on the emission
reductions from CSAPR, see the final Regulatory Impact Analysis, which is available at
http://www.epa.gov/airtransport/pdfs/FinalRIA.pdf.



As can be seen in FigureZ3 the 2005 modeled distribution of mercury deposition varies across
the state. The model suggests higher amounts of deposition, abokéddlfams kg)/km?, are
generally found in thenountains, where greater wet depositiomafrcury occurs due to local
precipitation maximmmsin an area downwind of mercury emission sources. Across the
Piedmont, the model suggests localineakimumsare found downwind of the larger mercury
emission sourcen the immediate coastal region, rilaly greater wet deposition values are
predicted due to a combination of local precipitation maxima (sea breeze effect) in an area
downwind of mercury emission sources.

Figure 3-2 Total mercury deposition (kg/knf) r esul t s fr omnsceBaRoAO6s 200 &
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to the 2005 scenario, with higher depositioth@ mountains and the coast, but the magnitude of

the deposition is les&xpected controls on the cefiled EGUs throughout the region result in

much less mercury deposition by 2016.



Figure 3-3 Total mercury deposition (kg/ knf) r es ul t s 20L& soemariE P A d s
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Figure 34 displays the difference between the 2016 and 2005 modeling scenarios. As can be
seen in this figure, the greatest reductions in mercury deposition are in the Piedmont. Local
maximumsin deposition reduction are located near doald EGU sources.

Figure 3-4. Difference in total mercury deposition (kg/knf) fr om EPAds. 2016 an
modeling runs.
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3.2 Sensitivity Runs

The DAQ conducted a series of sensitivity modeling rurggetterate estimates of deposition for
various mercury emission scenarios. The goals of the sensitivity runs were to estimate the
amount/percentage of mercury deposition in North Carolina frestaite emission sources and
the percentage of mercury depasitithat is from international sources.

Methodology
A special version of the CMAQ model was obtained from EPA that included mercury chemistry,

but did not require other toxics emissions. The CMAQ model inputs files were provided by EPA

and included the mebrology, emissions and boundary conditions. The EPA CMAQ modeling

ran the 36 km grid national domain with GEGSIEM boundary conditions and then modeled

the 12km grid eastern US domain with boundary conditions from the national domain modeling.

The EPA peormed a model performance evaluation on the meteorology and air quality runs,

and found the performance to be adeq@&Bince DAQ used the same version of the CMAQ

model with identical i nputs for the base run,
evaluations and did not conduct a separate model performance evaluation for these sensitivity
modeling runs.

DAQ conducted all model runs using the 12 km grid easterited Statesnodeling domain.

The first set of modeling sensitivities used
conditions from the EPAG6s 36 km gridognati onal
files obtained from EPA. DAQ first ran a base case CMAQ modeling run with full emissions and
boundary conditions f @r N2&Q-butserzitwityavdsrumn®as e 2005
guantify the amount of atmospheric deposition in North Carolinaala& emission sources in

North Carolina. Thezerout sensi tivity run was <called fAnZer
emi ssions in North Carolina to zoerwas Tthoe rneenxotv
all of the mercury emissions from the bounydeonditions to understand the impact of the

emissions outside of the eastemitdd Statesmodeling domain, which would be similar to the
international impact.

The second set of modeling sensitivities used
boundary conditions from the EPAG6s 36 km grid
meteorology files obtained from EPA. The DAQ ran the 2016 projected year witimigskiens

and boundary conditiothkatwas cal | ed .G BHerR2 (018 -obt€angitieity of z e
runs were performed. The first two sensitivities were similar to the 2005nésensitivities

where the 2016 mercury emissions for North Carolina wetr¢o zero (Zero_NC2016) and the

mercury emissions in the boundary conditions were set to zero (No_BC2016). Two additional
sensitivities were run where 1) al l of the No
including the EGUs, were removeshling only the lowevel mercury emissions

(NoPt_NC2016) and 2) all of the 2016 EGU mercury emissions in North Carolina were set to

zero (NOEGU_NC2016).

% U.S. EPA. (2011b). Air Quality Modeling Tedieal Support Document: EGU Mercury AnalysiERPA-454/R11-
008. http://www.epa.gov/ttn/atw/utility/epd54 r11-008.pdf



http://www.epa.gov/ttn/atw/utility/epa-454_r-11-008.pdf

Table 32 summarizes the sensitivity modeling runs and the data used in each run.

Table 3-2. DAQ Sensitivity model runs

Sensitivity Name | Emissions Year | Emissions Boundary Conditions

Base2005_NC 2005 12km EPA Emissions | 2005 36 Km EPA run

Zero_NC2005 2005 Zero out NC emissions| 2005 36 Km EPA run

No_BC2005 2005 12km EPA Emissions | 200° 36 Km EPA rumith

- No mercury emissions

Base2016_NC 2016 12km EPA Emissions | 2005 36 Km EPA run

Zero_NC2016 2016 Zero out NC emissions| 2005 36 Km EPA run
Zero out NC EGU

NoEGU_NC2016 | 2016 eMISSIoNs 2005 36 Km EPA run
Zero out all NC Point

NoPt_NC2016 2016 eMISSIoNS 2005 36 Km EPA run

2005 36 Km EPA run with
Nno mercury emissions

No BC2016 2016 12km EPA Emissions

North Carolina ZeréDut Sensitivity Analysis to Determine Contribution fromONSources

It should be noted that the estimated amount of mercury deposition in North Carolina for the
base 2005 modeling that DAQ performed differs from the results from the EPA MATS 2005
base. It is believed that the difference is due to a difference in baser2@sons provided by
EPA when the initial DAQ modeling study was started. This initial saayrredprior to
availability ofthe MATS modelingdatal he DAQO0s 2016 model ing and t
modeling yielded very similar numbewshich further supportthat the 2005 modeling
differences are due to differences in 2005 emission files provided by the EPA. Due to the
uncertainty in the emission estimates, the exact amount of mercury deposition cannot be
determined, and for this reason the DAQ has greatdidemce in the percent contribution
values.

The sensitivity modeling results that zero out North Carolina mercury emissions (Zero_NC2005

and Zero_NC2016) are shown in Tabi8 and Table 3, respectively. For the 2005 runs,

approximately & percent othe atmospheric deposition of mercury in North Carolina can be

attributed to sources located in North Carolina. The amount of atmospheric deposition of

mercury in North Carolina from North Carolina sources falls to 3 percent in 2016 based upon

E P A 6 s atedemissions for 2016. Looking at the results from the sensitivities where all North
Carolina point source mercury emissions or only the North Carolina EGU mercury emissions

were removed, it can be estimated that of the 3 percent deposition attribdtedrtaa h  Car ol i n
air emission sources in 2016, approximately 2 percent comes from all North Carolina point

sources (with Mrth CarolinaEGUs accounting for less than 1 percent of the total contribution).

Natural and anthropogenic area source emissions within North Carolina make up the remaining
deposition attributed North Carolinadés air em



Table 3-3. Mercury Deposition Totals over North Carolina for 2005 North Carolina Zero
Out Sensitivity.
Amount in parenthesis represents total deposition for wet and dry deposition
(Numbers rounded, given the modeling uncertainties)

Sensitivity Dry : We.t. Tota}l_ Difference Percent
Run Name Deposition Depacsition Deposition (ak_a N_C Contribution
(Ibs) (Ibs) (Ibs) contribution)
Base2005 NC 8,050 (70%) | 3,500 (30%) 11,550 - -
Zero_NC2005| 6,730 (69%) | 2,990 (31%) 9,730 1,830 16%

Table 3-4. Mercury Deposition Totals over North Carolina for 2016 North Carolina Zero-
Out Sensitivities.
Amount in parenthesis represents total deposition for wet and dry deposition.
(Numbers rounded, given the modeling uncertainties)

Sensitivity Run Dry wet Total Difference Percent
Nam)é: Deposition | Deposition | Deposition (aka Contribution
(Ibs) (Ibs) (Ibs) contribution)
6,060 0 i )
Base2016 NC (63%) 2,850 (32%)| 8,910
Zero_NC2016 5,820 2,780 (32%) 8,600 310 3%
- (68%) ' '
NoPt_NC2016 59101 5 790 (3206)) 8,700 210 204
— (68%) ’ ’
NoEGU_Ncz2o16| 2010 15 830 (3000) 8,840 70 1%
— (68%) ’ ’

Figure 35 displays the estimated amount of total mercury deposition in North Carolina in 2005
as well as the estimated mercury deposition in North Carolina after removing all mercury
emissions in NortiCarolina. The base 2005 run shows the largest amount of mercury deposition
in North Carolina occurring primarily in the vicinity of the largest mercury emission sources or
in areas where greater wet deposition of mercury occurs due to local precipitaxiomanm an

area downwind of mercury emission sources. The Zero_NC2005 modeling results illustrate that
an overall mercury deposition rate between 0.025 and 0.035 kggkmains across the majority

of the state, despite the North Carolina mercury emissieing) set to zero. The difference

between the base 2005 run and the zero out of mercury emissions in North Carolina can be seen
in Figure 36. Additionally, Figure &6 displays the percent change in mercury deposition

between these two runs. As expected,greatest differences can be seen in the vicinity of the
largest mercury emission sources.



Figure 3-5: North Carolina total mercury deposition.
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Figure 3-6: Difference in total mercury depositionbetween the Base2005_ NC and

Zero_NC2005 runs.
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Figure 37 displays the estimated amount of total mercury deposition in North Carolina in 2016
as well ashe estimated mercury deposition in North Carolina after removing all mercury
emissions in North Carolina. The base 2016 run shows substantial reductions in mercury
deposition across the state compared to the 2005 base run. The relative maxima se@d the 2
base modeling run associated with the largest mercury emission sources in the Piedmont of
North Carolina is greatly reduced. The Zero_NC2016 modeling results display an overall
deposition rate around 0.020 to 0.030 kdflatross the majority of the sgawith similar

patterns of deposition as seen in the Zero_NC2005 run. The difference between the base 2016
run and the zero out run of mercury emissions in North Carolina can be seen in Figure 3
Additionally, Figure 38 displays the percent changemercury deposition between these two

runs. As can be seen in these images, the differences are much less in 2016 compared to 2005
due to emissions control assumptions in the 2016 base model run.



Figure 3-7: North Carolina total mercury deposition.
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Figure 3-8: Difference in total mercury deposition between the Base2016_NC and
Zero_NC2016 runs.
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Boundary Condition Sensitivity Analysis to Determine Contribution from Sources Outside the
Central and Eastern U.S.

Model runs were made with no mercury entering the 12km grid eastern US domain for 2005
(No_BC2005)and 2016 (No_BC2016). Table53and 36 display modeling results for 2005 and
2016, respectively, for both the base runs as well as the no boundary condition runs. By
comparing the base to the no boundary condition runs, it is estimated that nearlyer® gier

the mercury deposition in North Carolina is from sources outside the 12 km grid domain in 2005,
and increases to approximately 90 percent in 2016. The change in boundary condition
contribution to mercury deposition between 2005 and 2016 is diratges in LS. emissions

only since the EPA modeling did not make changes to their future global mercury emissions
assumptions.




Table 3-5. Mercury Deposition Totals over North Carolina for the 2005 Boundary
Condition Sensitivity.
(Numbers roundedjiven the modeling uncertainties)

Dry Wet Total Total
Run Deposition Deposition Deposition (kg) | Deposition (Ibs)
(kg) (kg)
Base2005 NC 3,650 1,590 5,240 11,550
No_BC2005 1,200 380 1,580 3,480
Difference (12 km
boundary 2,450 1,210 3,660 8,070
contribution)
Percent Contribution
of Mercury
Depositionin NC by 67% 76% 70% 70%
sources outside the
12km domain

Table 3-6. Mercury Deposition Totals over North Carolina for the 2016 Boundary
Condition Sensitivity.
(Numbers rounded, given the modelungcertainties)

Dry Wet

. - Total Total

Run Deposition |- Deposition Deposition (kg) | Deposition (Ibs)
(ka) (kg)

Base2016_NC 2,750 1,290 4,040 8,910

No_BC2016 330 80 410 900

Difference (12 km 2,420 1,210 3,630 8,010

boundary contribution)

Percent Contribution of

Mercury Deposition in 88% 9% 90% 90%

N.C. by sources outside

the 12km domain

3.3 Summary of Mercury Deposition Modeling

The EPA modeling results for the MATS rule suggests that mercury deposition in North Carolina

shoulddecrease by 10 percent between 2005 and 2016 (Tdh)lerBe DAQ sensitivity
modeling indicates that in 2005, approximatebypkrcent of the atmospheric mercury

deposition in North Carolina comes from air emission sources located in North Carolina and by
2016 that fraction is expected to drop to 3 percent. Finally, based on the sensitivity run that

removed mercury emissions frdire boundary conditions from the 2005 modeling,




approximately 70 percent of the atmospheric mercury deposition in North Carolina originates
from outside the central and eastern United States.

3.4 Atmospheric Deposition Monitoring Data

Mercury wet deposibn involves the transfer of mercury from the atmosphere to land or water
through precipitation. Several chemical species of mercury exist in ambient air as a result of both
natural and mamade emissionand the watesoluble form of mercurfoxidized mecury)

may be scrubbed out of the atmosphere by cloud water or rain and snowfall. For many sensitive
surface waters, atmospheric wet deposition constitutes a significant route of mercuripput.
deposition of particles and gases occurs by complex meseasich as settling, impaction, and
adsorptionDry deposition processes also contribute to the overall rate of atmospheric

deposition. Together, these phenomena can contribute to raise methylmercury levels in fish in
mercurysensitive watershftp://daqg.state.nc.us/toxics/studies/mercury/wet_dep.sxhtml

Wet deposition of mercury is monitored regularly at sites acroddriited Statedy the

National Atmospheric Deposition Prograviercury Deposition Network (MDN). Rainfall is
collected weekly in a Aerochem wet deposition sampler and sent to a laboratory for quantitative
analysis. Mercury levels are measured using EPA Method 1631E for total mercury analysis and
undergo full quality ssurance/quality control procedures before being reported. Data collected
from these stations are provided to the National Atmospheric Deposition Program Mercury
Deposition Network (NADPMDN: http://nadp.sws.uiuedu/MDN) to aid in the identification

of geographical and temporal trends in mercury deposition across the U.S.

While no monitoring data are available for dry deposition of mercury in North Carolina, MDN
data are available for wet deposition throughabkéection and subsequent analysis of rainfall

for total mercury concentration. The DAQ has operated two sites for measurement of mercury in
rainfall since 1996. Both wet deposition monitoring sites are in the eastern part of the state near
mercurysensiive watersone at Pettigrew State Park on the shores of Phelps Lake in
Washington County (NC42), and the other at Waccamaw State Park in Columbus County
(NCO08). Data were also collected at Candor in Montgor@emynty (NC26) during a shorter

period of timefrom November 2005 thru December 2007. Given its proximity, wet deposition
data recorded &reat Smoky Mountains National PeEkmont in SevieCounty,Tenn,

(TN11, close to the border between Tennessee and North Carolina) were also considered.
Locations of these four MDN sites are shown in Figuge 3

Data from these four MDN sites are presented in Figtl® fbr the average annual mercury
deposition in nanograms per square meter per day thi@y and for the average annual
mercury concetnation in nanograms per liter (ng/l). A close examination to the MDN data at
these sites reveals that mercury wet deposition appears to be mghesternNorth Carolina
(TN11, mountain area) and lowest in cenialth CarolinagNC26, piedmont area]hese
differences are due at least partly to differences in rainfall. However, th@mtaal variations

of wet depositional fluxes of mercury are high, undermining the spatial pattern discerned from
the data set (data are available at NC08 and NC421£86; at NC26 during 2068007; at

TN11 after 2002).

Assuming wet deposition of mercury over the erdiage of North Carolina could be represented
by the average condition of the existing three MDN monitoring stations (NC08, NC42 and


http://daq.state.nc.us/toxics/studies/mercury/wet_dep.shtml
http://nadp.sws.uiuc.edu/MDN

TN11), the total wet deposition within North Carolina was estimated to be around 1,530 kg
(3,370 Ibs) during the baseline yad 2002, slightly less than the loigrm (20022008) average

of the annual wet deposition in North Carolina (1,640 kg or, 3,610 Ibs) and that during the year
of 2005 (1,630 kg or, 3,590 Ibs). The intmual difference in wet deposition is partly doie t

the differences in precipitation. The baseline year of 2002 is a relatively dry year according to its
negativeaverage annual i@onth standardized precipitation indexX$) (ttp://www.nc
climate.ncsu.edi/

Figure 3-9. Location ofMercury Deposition Network Monitoring Sites
MDD sites In North Carolina

Click on a site lcon for detalied site information

——— 100 Km

Figure 3-10. Annual Average Mercury Wet Deposition Trend for N.C. Monitoring Sites
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Section 4 What are the projected mercury emissions for 2015, 2018, 2023 and 20257

4.1 Definition

1

"Projected mercury emissions" means calculated future annual airborne meteasgd

into the atmosphere from cehited electrical utility boilers located indith Carolina

4.2 Projected Mercury Emissions
Table 41 presents estimated annual emissions with the required controls in place for the CSA,

EPA EGU MATS Rule, and the Clean Air Interstate Rule (CAIR)/ CSAPR at the operating

electric utility coalfired boiles.

The projectionseflecttotal mercuryemissions fronbuke Energy an@®rogress Energgoat

fired EGUs located ilNCf r o m

emissions and should begardedas such.
Progress Energ@y sstimates include emissions from the boilers equipped with SCR, ESP

1

and FGD controls on the Asheville, Mayo and Roxboro u¥igsarto-year variations in

t h e anabysigYlaeseiamslydestimates of future

emissions are largely duettte projected changes in load and dispatch. rEmeaining
coakfired boiers at Cape Fear, Lee, Sutton and Weatherspoon will be retired by 2015.

Duke Energg sstimates are based s projected total heat input (coal consumption)

from the integrated resource planning model using the most recent official projections.

Mercuryis calculated assuming all facilities meet the mercury standard tifsiTBtu in

the final EPA EGU MATS ruleActual emissions from any given unit may be
significantly less than the limit, but due to uncertainty on coal mercury content and long

term varation in mercury performance Duke Energy cannot provide a more precise

me .

© SCRA&elective NorCatalytic ReductiongNCR), ESP and FGD controls
on the Allen, Belew€reek and Marshall facilities along with Cliffside
Unit 5; and

esti mat e

at

this ti

Duk éenclielaner gy 6 s

°© SCR, spray yer, fabric filter and FGD controls on Cliffside Unit 6
Mercury emissions fromhe other coafired boilers at Cape Fear, Lee, Sutton and
Weatherspoomwere estimated to be zero, as taly be retired by 2015.

Table 4-1. Projected Future Mercury Emissions from North Carolina EGUs

Projected Total Mercury Emissions,lbs/yr Percent Reduction
from 2010 Emissions
Year Duke Energy Progress Energy Total %
2010 387 575 962 0
2015 481 267 748 22
2018 501 290 791 18
2023 383 198 581 40
2025 398 184 582 40

2010 NC EGU mercury emissions = 962/yr; see Table 1.

DAQ is notcurrentlyin a position to provide reliable projected future emissions foeitie
nonEGU facilities designated as principal mercury emission sources. Projected emissions for

mer cu



these manufacturing or waste incinerator facilities are dependent on a variety of parameters that
are subject to variation beyond our capability to makebtdipredictions. For example, several
business activity factofsuch as market, fuel, feedstock and unit cost cond)tiossally drive

their production levels. Given multiple industry sectors (paper, fertilizer, iron, chromium
products, medical wast@e municipal sewage wastegach with their own set of multiple

business factors, the level of resources to predict reliable production levels are beyond the
current capabiliesand resourceof DAQ.

Another factodimiting the ability of DAQ to projecreliable future emissions for three of the
principal noREGU facilities with industrial boilers stems from the delayed schexhde
uncertaintywith the Industrial Boiler MACT ruleThe Industrial Boiler MACT rule has a long
history of delays since iigitial proposal in 2004as it was promulgated for the second time in
March 2011, and thenq@oposed or a third time in December 20
While EPArecentlystated it plans to finalize its reconsideration of the Boiler MAC&g iy

spring of 2012, they have not yetisedthe rule Based on formal steps still to be taken,
information sources close to the rulemaking expect the reconsidered Industrial Boiler MACT to
be (re)finalizedby summer of 2012t is unknown at this timehat the revised Industrial Boiler
MACT numerical emission limits for mercury will be, since they change with méehevision

as shown in Figure-4.

Figure 4-1. Mercury Emission Limits for Various Industrial Boiler MACT Rules
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Section5. Discuss the amount of new source growth and projected new units growth
through 2025

5.1 Definitions:

1 "New source growth" previously meant céiaéd units that usd new source mercury
allocations from thatate's mercury allowance. These units would have been operating
without the benefit of having a mercury allocation listed in Paragraph 15A NCAC 02D
.2503(a). However, the above definition is outdaggeen the pevious EPA Clean Air
Mercury Rule was vacated and replaced by the new EPA EGU MATS Rule, which does
not provide for mercury allowances or mercury emission trading from one EGU facility
to another.

1 "Projected new unit growth" means new cbidd utility boilers poposed by the utilities
to the gate's Utility Commission, to be built and operated to meet projected future
increases in electric power demand.

Rather than build new units, Duke Energy and Progress Energy plan to retire 26 of their smaller
coakired utility boilers by 2015as presented in Tablels Duke EnergyCliffside Unit 6 is
currentlythe only new coafired electrical generating unit planngdNorth Carolina Once
Cliffside 6 comes on lingn 2012 the facility will double the eladcity generatiorfrom the
retiredUnits 1-4 with muchlower facility-wide emissions. Duke has committed to retirthg

same numbeof megawattgrom older coalfired generationthusmaking Unit 6 carbon neutral.
Cliffside 6 is an 825negawatt unit egpped with stateof-the-art SCR, a spray dry absorber
(SDA) with fabric filter baghouse (FF), followed by a wet FGD scrubber intended to meet the
recently established EPA EGU MATS limifhis SCR/SDA/FF/FGD configuration produces
multi-pollutant control apability toremoveemissions omercuryby 90 percent SG, and acid
gases b9 percent NOx by 90 percentandparticulate matterRM) by 99percent

Table 51. N.C. Coal-Fired Utility Boilers Retirement Schedule

Size Rating
Retirement Schedule
Facility Units Megawatts

(MW) approx
Duke Energy
Buck 3,4 115 Mid 2011
Buck 5,6 256 Jan 2015
Cliffside 1-4 200 Oct 2011
Dan River 1-3 470 April 2012
Riverbend 1-3 455 Jan 2015
Progress Energy
Cape Fear 5,6 320 Mid 2013
Lee 1-3 400 Fall 2012
L V Sutton 1-3 600 End 2013
Weatherspoon| 1-3 170 Fall 2011




Section6. What is the state of mercury control technology, including technological and
economic feasibility?

This is a twepart question. The first part concerns the state of mercury emission control
technology. The second part of the question concerrfeaisility with application of mercury
capture technology to.R. utility boilers in an economic manner. The response to the first part
includes an explanation of how various ebedd boiler control equipment operates together,
along with the science that makes it work. The description of equipment used to conttolymer
is followed by a discussion on the technological and economic feasibilitgrih @arolinain
response to the second part of the question.

The CSA requires reductions from cefaed boiler of 77percenin NOx emissions by 2009 and
73 percentin SO, emissions by 2013. Although the Act does not set mercury control
requirements, it recognizes that the controls needed to meet the NOx aechiSS)on caps will
reduce mercury significantlperhaps as much as-60 percent In response to theSA andin
anticipation of the EPA EGU MATS rule, the twoQ\ utility companies installed FGDs to
control SQ and either SCR or SNC&/stemdo control NOx or20 of their largest codlired
units operating in Nrth Carolina

The EPA issued a federal rule in Ifedry 2012 with emission limits for MATS from EGUSs to

be met by 2015 or 2038 Required in the EPA rule are 9percenteductions in mercury
emissions along with similarly significant reductions in,&@d other acid gases, PM and other
toxic metals. Such a rule requires application of holistic approaches of controlling mercury in
tandem with other air toxic pollutants in a practical and-effsctivemanner. mtegration of

mercury control along with nitii-pollutant control is discussed below in response to both parts
of the question to put the response in context of the current EPA MATS rule requirements. The
emission limits for the three toxic pollutants or pollutant groups established in the EPA EGU
MATS rule are presented in Tablel6

Table 6-1. Emission Limits for EPA EGU MATS Rule

Pollutant Group Mercury Acid Gases PM
SO, | Hydrogen Chloride
Ibs/TrillionBtu Ibs/Million Btu
Coal-fired EGUs 1.2 0.2 | 0.002 | 0.03

6.1 State of Mercury Control Technology

The "state of mercury control technology" means the science, equipment and operating
techniques used to reduce mercury emissions. Two general approaches for mercury control have
proven capable of 9fercentremoval forcoatfired boilers; one involves conventional
technologieswhile the other entails new technology. The two primary technologies that capture
mercury emissions from EGUs ar&P scrubbers preceded by particulate controls and powder

#UsS E MaAtionalfEmission Standards for Hazardous Air PollutBnsn Coal and OiFired Electric Utility
Steam Generati ng UVol #7sNpo.®2, Feb H6£2012,lp. 9R0d.gi st er ,



activated carbon (PAChjection followed by particulate controls. Both control technologies are
used in conjunction with ESPs or baghouses as conventional technologies to effect mercury
removal.

Prior to theCSA and the EPA EGU MATS ru)ehere were two emission control configtions

on NC6 s -firedautllity boilers They were lonNOXx burners designed to reduce the formation
of NOx emissions and &SP. An ESPonly removes patrticles (not gaseous pollutants) from the
flue gas stream using an electric field to force chargeit|es to be collected on metal plate
surfaces. In contrast to baghouses and certain scrubbéapply energy to the whole gas

stream, an ESP applies energy only to the particles and thersforare energy efficienthile

most are referred to as cedtle (ESPCS), some are referred to as-sate ESPs (ESPS). The
distinction between the two types of ESPs is that one is located downstream of the combustion
air preheater (ESES) and the other is upstream of thepagheater (ESIPIS). The difference in
location accounts for a 4@0temperature dissimilarity in the flue gas as it enters the precipitator,
which in turn affects ESP mercury control performamsediscussed later.

In response to past air quality eslfor criteria air pollutants (CAPs), separate control

technologies were used individually to reduce emission for each CAP. For example, ESPs were
used for PM control, lovsulfur coal was burned for S@ontol andSCRsunitswere used for

NOx control. Inresponse to the new EPA EGU rule for several toxic air pollutants,-multi
pollutant emission controls on cefded boilers are needed in order to remove mercury (Hg),

PM and nommercury toxic metals (such as arsenic, cadmium, chromium)aother acid

gases. The new rule requires more than one technology operated inrsergsr to achieve the

high removal level necessary for the full array of hazardous air pollutants.

6.2 Conventional Mercury Control Technologies

Bituminous coal is burned in.{. utility boilers and typically contains mercury in the range of
0.08 to 0.10 parts per million (ppfpr 7-9 Ibs/TBtu.>* When combusted in the furnace of

utility boilers at 2,500, all the coal mercury is initially vaporized and exists as elemental
mercury. As it leaves the boiler and cools, a portion of the elemental mercury becomes
transformed into the other species of oxidized mercury and pasbclied mercury. The extent
ofthi s &é mer c ur ymesyyoxidatofisi pamardy inbuenced by chlorine and sulfur
content in the coal, flue gas temperature and other factors. The extent of mercury capture in most
existing PM emission controls currently installed iartk Carolina (ESPs and FGDsjlepends

on mercury speciation. More specifically, control performance of these two conventional
technologies is largely conditional and proportional to the amount of oxidized and paoticie
mercury present at the inlet to therool device. In contrast, control performance for elemental
mercury for these two conventional technologies is virtually zero.

Bituminous coaffired EGUs produce higher levels of oxidized and paridand mercury at the
same gas temperatures than-bubminous and lignite coals. With 3@0temperatures typical of

®pPavliish, J.H. et al., fAStatudirmrewd eowwefr mdranursy oc druterl
Technology, 82 (203) pp. 89165.

®y.s. EPA, fAControl of fmaredurey ecemirs i aing | fi t6®ROBO dler s ;
109, April 2002.



ESRCSs, the distribution of mercury speciation shifts with more of the elemental mercury
converting to oxidized mercury and partiddeund mercury. This presents higher levels of the
more ollectible forms of mercury species to conventional emission controls, and accounts for
why ESRCS capture efficiency of total mercury is typically in the moderate range-a 30
percent At ESRHS temperatures of 700 F, the percentage of elemental meecoayns
relatively high and low amounts of oxidized mercury and partioé@ind mercurexist. This
explains why ESHS capture efficiency resides in the low range eR0@ercenwof total
mercury, given the low amounts of oxidized and-Bdind mercury gesent. Fabric filters
operating near 300 F collect 9percentf total mercury and virtually all of the oxidized and
particlebound mercury preserds the flue gas passes through the filtered dust gak®.
Somewhat similarly, the combination of an[B@receded by ESES is capable of collecting
75-95 percenif total mercury and virtually all of the oxidized and particteind mercury.
Figure 61 presents an illustration of an ESP.

Figure 6-1. lllustration of an Electrostatic Precipitator
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Subbituminous coafired EGUs produce lower levels of oxidized and higher amounts of
elemental mercury under similar conditions than bituminous coal. The contrast in mercury
control performance between bituminous andisiilominous coals, presented in Tab-2,
illustrates the effect of coal parameters on mercury speciation and total mercury capture. With
300 F temperatures for ESESs, the mercury speciation profile consists mostly of elemental
mercury. This presents lower levels of the more collectdslas of mercury species to
conventional emission controls, and accounts for why-ESRapture of total mercury is in the
low range of 510 percent At ESRHS temperatures of 700 F, the percentage of elemental
mercury remains relatively high, low amounfsxidized mercury and PNMound mercury are
formed. This explains why ESIRS capture efficiency resides in the very low range-6f 0
percentf total mercury, given the extremely low amounts of oxidized anebBivhd mercury



present. Fabric filters operatj near 300 F collect 606 percentof total mercury, aided by

unburned carbon in the flyash collecting oxidized and elemental mercury as the flue gas passes
through the filtered dustake. Somewhat similarly, the combination of an FGD preceded by
ESRCS i capable of collecting 120 percentof total mercury because virtually all mercury
remains in the elemental form that is uncollectable in most conventional emission controls.

Table 6-2. Total Mercury Removal Performance for Conventional Emission Contrts?’

Emission Controls for Total Mercury Removal Percentage, %
Pulverized Coal EGUs Bituminous Coal Sub-Bituminous Coal
ESP-CS 29 3

ESP-HS 11 0

FF Baghouse 89 73

ESP-CS & FGD 78 16

ESP-HS & FGD 39 0

SNCR ESRCS 90 No data

Dry Sorbent InjectioffDSI) consists of the injection of dry sorbent reagents that react with SO

and other acid gases with a downstream PM control device to capture the reaction products. The
most common DSI reagent in usdrisna, a naturally occurring mixture of sodium carate and
sodium bicarbonate mined in some western states. Other reagents have also been used, such as
sodium bicarbonate and hydrated lime. Sodium bicarbonate is capable of highmem®@al
efficiencies than Trona because it is more reaclivena camachieve S@reductions up to 60
percentwhen injected upstream of an ESP, or up tp&@entwhen injected upstream of a

fabric filter. Sincesulfur trioxide §0O;) competes with mercury for adsorption sites on flyash
injected activated carbon, even ssconcentrations as low as a few parts per million is able to
adversely affect mercury removal. By removing;8@h trona, the fly ash with high unburned
carbon alone is able temove over 9perceniof mercury’® DSI equipment is relatively simple
andinexpensive and can be installed typically within 12 months. The basic injection system with
storage silo costs around $20/kW, substantially less than43D&W for a FGD°

6.3 Emerging Mercury Control Technologies

PAC injection has the potential tohieve moderate to high levels of mercury control fror®B0
percentdue to its ability to capture both elemental and oxidized mercury fdimesperformance

of activated carbon is related to its physical and chemical characteristics. Generally, the physica
properties of interest arsurface area, pore size distribution and particle size distribution. The
capacity for mercury capture generally increases with increasing surface area and pore volume.

EPA, Electrical Generating Utility Mercur yd54Rdeci ati on
010, Nov 2011.
By, Kong et al.,fDry Sorbentlnjection ofSodium Sorbents forISO,, HClandMercuryMi t i gati on, 0 in

Proceedings of #8Annual North American Wast®-Energy Conference, Orlando, FI, May 2010 .

2 Staudt, J.E. et alControl Technologie® Reduce Conventional and Hazardous Air Pollutants from-Eioad

Power Plants, prepared for Northeast States for Coordinated Air Use Management, March 2011 accessed May 2012
at http://www.nescaum.org/topics/mercury.



Carbon sorbent capacity is dependent on several flueagaspters, including gas temperature,
mercury concentration, S@nd SQ concentration, flue gas composition and other factors.

Subbituminous coals do not have adequate chlorine and other constituents present in the coal to
produce sufficient levels axidized mercury for effective capture by conventional emission
controls. For subituminous coafired boilers, PAC injection offers the capability to collect
mercury at levels required to meet the new EPA EGU MATS mercury emission lijatgion

of activated carbon could serve to meet the mercury standard and injection of a dry alkaline
material (such as limestone Drona) whichwould meet the acid gas standard while reducing
theamount of carbon to meet the Hg standtdowever, use of one or baitjection

approaches would adversely impact the performance of the downstream PM collector, wvhether
isan ESP or baghouse. Either way, the ESP or baghouse would need to be upgraded to handle
the additional PM from the injected material¢salogenatedPAC sorbents have been developed

to enhance performance of powdered activated carbon injection for mercury control. Under the
same conditions, studies have shown the use of halogenated carbon to be considerably more
effective at mercury capture than riedogenated carbon. Relative to standard PAC, the use of
halogenated powder activated carbon expands the usefulness of sorbent injection to situations
where standard PAC may not be very egfé¢ctive. These situations include using an £33

to capture th&®AC while improving the cost effectiveness of mercury capture by avoiding costly
installation of a downstream fabric filievhile reducing PAC injection rates.

SCR uses a catalyst with ammonia gas injected to reduce the nitrogenoxigetue gaso
molecular nitrogen and water. Ammonia gas is diluted with air or steam and this mixture is
injected into the flue gasipstream of a metallic catalyst bed composed of vanadium, titanium,
platinum or zeolite. The SCR is located downstream of the baitestoRecent data show SCRs
promote additional mercury oxidation, thereby enhancing mercury removal with most control
technologies. Eleven SCRs have been installecbmhXCarolinaas a result of the CSA. Figure
6-2 presents an illustration of a SC&ador.

Flue gas desulfurization scrubbers typically use limestone to reme®@@ @rcentof sulfur

dioxide in EGU flue gas. As a dmenefit, oxidized mercury is captured in the scrubber and
typically removed at levels of 895 percent Many of these FGDystems use limestone forced
oxidation wet scrubber8,as do most/all Wrth CarolinaEGUs equipped with FGDs. However,

little to no elemental mercury is captured by a FGD. Such performance characteristics account
for total mercury control performance rangifiom 6690 percentcontrol, depending on the

relative distribution of the mercury species. Studies show that FGD scrubbers following cold
side ESPs have higher performance and are moreffestive in mercury removal than those
following hotside ESP$see Table &). Figure 63 presents a simplified illustration of a FGD
system.

®Environment al Enjeencetnitosn, o Socrcbeesnsted April 3, 2010 at
http://www.eecl.com/products/sorbent_injection.htm.

3 Tom Higgins Ddinonstration Test of Iron Addition to an FGD Absorber to Enhance Flue Gas Mercury

Remova) i proceedings 02010 MEGA Symposium, Baltimore, MD, Augu2010.



Figure 6-2. lllustration of Selective Catalytic Reduction Reactor
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An emerging issue being studied with m&yD units is reemission of mercury previously
captured. Typically 9percentof oxidized mercury and no elemental mercury is captured in
FGDs, meaning the same amount of elemental mercury enters and exits the FGD. Mercury re
emission occurs when solublesroury is captured in the FGD liquid, reduced to elemental
mercury, volatilized and emitted with the flue ga&e-emission is diagnosed by observing

higher levels of elemental mercury at the FGD outlet than at the inlet. The general cause for re
emissionis a reduction reaction in the liquid of initialbaptured oxidized mercury to elemental
mercury that volatilizes out of the liquid into the flue gas. Operational factors affecting mercury
re-emission include fine particles, sulfite levels and the amoluoxidized mercury in the FGD
liquid. Plants in the bited Stateshave reported FGD mercury-eenission occurring up to 50
percenf the time ranging from 150 percenbf the inlet oxidized mercury’ Re-emission can

vary from 340 percentfor elementamercury and significantly reduce total mercury collection
performancé?

Options to resolve the FGD-mmission issue include injection of dry sorbents upstream of the
ESP or baghouse to reduce the amount of mercury collected in the FGD. Another option
demonstrated is use of various additive chemicals in the FGD scrubbing liquid to change the
chemistry to be less favorable of the reduction reaction of oxidized to elemental mercury.
Multiple materials suppliers have developed their own proprietary ligiden to eliminate
mercury reemission and decrease mercury wastewater discfatgEacilities with FGDs can
monitor scrubber liquid parameters for feedback control of theaetnission additive injection
rate. Additives typicallyorm large insolublesolids bybinding the liquid phase mercury and
precipitating it into the scrubber solitsat settle and are filterable leading to lower water
effluent mercury discharge.

6.4 North Carolina Technical Applicability and Economic Feasibility

The secongbart of the question concerns the application of mercury capture technologsttio N
Carolinds utility boilers in an economic manner. To meet the new EGU MACT ruleithN
Caroling Duke Energy and Progress Energy plan to continue operating 20 oétigestl
capacity coal boilers equipped with SCR or SNCRs, ESPs and FGDs totaling roughly 10
gigawattg(GW) capacity (1GW=1,000 megawatts, MW). In addition, they have committed to
close 26 of their smaller coal boilers not equipped with SCRs or SNCRs argittaling
roughly 3 GW capacitin response to the CSA and EGU MATGurrent estimatgof the

utilities environmental compliance co$ts the CSA aré&1.(® billion for Progres€Energyand
$1.84 billionfor Duke Energy’’

#Blythe, G. et al., fGField Testing of a Wet FGD Additi
DOE-NETL Cooperative Agreement BEC26:04NT42309. March 2008.

¥ Siethoff Eric,fi Oper ati onal F a cEmission frofnfa¥ee Rue Gas DesHfgizafba Systenin

proceedings of Energy, Utility & Environmental Conference 2012, Phoenix, January 2012.

“Curie, J.F. et al., fAEnhanced Mercury Control by Wet
Conference, Arlington, VASeptember 2007.
®Kei ser, Bruce, /cdbeRdagilatons ThHreugtcQomtrgl of ®emii ssi on Acrdnss Wet F

proceedings of Energy, Utilitg Environmental Conference 2012, Phoenix, January 2012.

% Winter, Sephengt al, fiResults From &wo-Week Study to Mitigate Mercurige-emissions From a Wet
Scrubbey i Proceedings of 2010 MEGA Symposium, Baltimore, MD, Aug 2010.

372011 Clean Smokestack Act Final Report, June 2011 at http:/dagq.state.nc.us/news/leg/



Table 63 presents the curreamission control configurations and the most recent emission
performance levels for the Duke Energy and Progress Energy EGUs. As shown in-Fable 6
nearly all of the larger capacityokth CarolinaEGUs with an SCR or SNCR, ESP and FGD are
meeting the future EGU MATS emission limits for mercury, PM and acid gases. According to
the most recent emission inventory of 2010, only two facilities fully equipped with emission
controls currently are not meag (but nearly meetingall three future EGU MATS emission
limits. Those two are units at Mayo for PM and mercury emissions and at Roxboro for PM
emissions only. Progress Energy expects to further improve performance at these facilities to
comply with the future MATS limits. In contrast, the smaller capacitrtN CarolinaEGUs
equipped only with an ESP but not a SCR/SNCR and FGD, produce enmietmeablyabove

the MATS emission limits for mercury, PM and acid gases. These smaller units with less
emisson controls either have been retired or are planned to be retired before the MATS
compliance date in March 2015.

The 2010 performance levels shown in Tabréflect that the Nrth CarolinaEGUs are well
positioned to meet the MATS emission limitsthg 2015 compliance date. Such performance
indicates that thetate of mercury control technology fdorth CarolingEGUSs is

technologically and economically feasible to achieve more thaae@@ntreductions in mercury
emissionsThe key issues facing [Ra Energy and Progress Energy largatyy include

resolving the FGD mercuryemission issue, and providing new forms of continuous emission
monitoringfor PM and mercury compliance.

Speciated mercury measurements were made on one of theduljypedemission controlled
coakfired EGUs to evaluate the performance of the control device separately and collectively.
Measurements were made at boder exit/SCR inlet, ESP outlet and FGD outlet (stack) gas
streams at the Roxboro Unit 2 burning high suliityminous coal in September 2088ising
the applicable EPA speciated mercury metfid@esults of the measurements are presented in
Figure 64 showing the concentrations of each species (oxidized, elemental, particle bound and
total mercury) in units of the EGU MATS standaltos(TBtu) at the three locations discussed
above. Figure € shows that:
1 Elemental mercury concentration drops from nearly 2 Ib/TBtu didher exit/SCR inlet
to less than 1 Ib/TBtu at the FGD outlet; this reflects that while none of the elemental
mercury gets captured as elemental mercury, about half of whathexhsiter gets
converted and captured as oxidized mercury in the ESP and FGD.
1 Oxidized mercury concentration startsvaire tharb Ibs/TBtu at theboiler exit/SCR
inlet and then drops to nearly zero at the FGD outlet; this reflects that while some of the
elemental mercury gets converted to oxidized mercury in the SCR, nearly all gets
collected before leaving the FGD.
1 Particlebound mercury concentration startsraire thar Ibs/TBtu at theboiler
exit/SCR inlet and then drops to nearly zero at the FG2pitlis reflects that nearly all
particlebound mercury gets collected before leaving the FGD.

3 Submitted to NC DAQ by Progre&ergy. Performed faBabcock and Wilcoky CleanAir Engineering
AReport on EmissionMarck209 ng at Semor a, NC, o
39 EPA Method 30B, Determination tftal vaporphasemercuryemissions from EGUs usingarbonsorbenttraps



1 Total mercury concentration in the coal is roughlp<$TBtu at theboiler exit/SCR inlet
and remains at that level until 2percentis collected in the ESRvith an additional 65+
percentcollected in the FGD for an overall removal of 9icent

Table 63. NC CoalFired Utility Boilers 2010 Emission Performance

Size Emission Controls 2010 Annual Emission Average
Faciity | Units' | RaUN9 | oo | PMand | SOy PM HCI or SO, Hg
MW Metals HCI
approx and Hg Ib/MMBtu Ib/TBtu
Allen 5 1,150 SNCR ESRCS FGD 0.026 0.003 0.08 0.3
Belews 2 2500 | SCR | ESRCS | FGD 0.027 | 0.003 | 0.05 0.2
Creek
Buck* 5 330 ESRHS 0.45 0.7 1.1 6.4
Cliffside* 4 210 ESRHS 0.07 0.07 1.0 6.6
Cliffside #5 570 SCR ESRCS FGD
FGD/
Cliffside #6 825 SCR FF Spray Startup in 2012
Dryer
vark ESR
Dan River 3 470 HS/CS 0.09 0.09 1.3 5.3
Marshall 4 2000 | SR/ | Eshcs | FGD | 0022 | 0.003 | 0.07 0.4
River 4 970 | SNCR | ESPHS 0.09 15 5.8
bend
* Will r etire 16 small boilers totaling 2,000 MW with 125 MW average;
will keep 12 large boilers and start one 825 MW boiler totaling 7,200 MW with 550 MW average
Progress Energy
Ashevillé 2 380 SCR ESRCS FGD 0.02 0.0004 | 0.16 0.9
Cape 2 320 ESRCS 005 | 008 | 14 4.2
Fear
Lee* 3 400 ESRCS 0.05 0.08 1.3 4.8
Mayo 1 730 SCR ESRHS FGD 0.034 0.0001 0.2 14
Roxboro 4 2,400 SCR ESF;%S & FGD 0.034 0.0001 0.2 0.9
Sutton** 3 600 ESRHS 0.070 0.08 14 4.3
Weather
spoon** 3 170 ESRCS 0.070 0.08 1.6 4.3

** Will r etire 11 small boilers totaling 1,500 MW with 135 MW averagewill k eepsevenlarge boilers totaling
3,500 MW with 500 MW average

Footnote: 1. Al |

number s i
Cliffside #5 and #6, which reflect the specific unit.
2. Asheville 2010 data reported to local prargy but not yet reported to DAQ
HCI = Hydrogen Chlorid
MMBtu = Million British thermal units
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Figure 6-4. Mercury Speciation Profile for N.C. Coal-Fired Electrical Generating Units
with SCR/ESP/FGDEmissionControls
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Past experience indicates that adding a control technology to meet a new emission ftandard
one pollutant can have an adverse unintended consequence on continuing to meet emission
standards for another pollutant. Most ebsdd EGUSs in the Wited Statesurrently do not meet
one or more of the EGU MATS HAP emission limits. While a challéndand a technology to
meet one new stringent pollutant standard without unintended consequences, it is much more
challenging to find the right combination of technologies to meet multiple new pollutant
standardgollectively. One suchombinationof technologies- SCR ESP and FGD- is capable

of meeting th&aGU MATS emission limits for PMmercuryandacid gased-or this

combination, each technology serves multiple purposes that supplement anehcam e
performance of the other technologies in terms of multiple pollutant emission redu€tguns.

6-5 presents theonfigurationfor aSCR ESPandFGD typical for most of the larger 8. coal
fired EGUs to comply with the new MATS limits in thetfwe. The following points characterize
how this is achieved by these three technologies:

1 The SCR reactor oxidizes nitrogen oxides into benign products (nitrogen and water) and
converts elemental mercury into the collectible form of oxidized mercuryhsesjuent
collection in the ESP and FGD.

1 The ESP collest99+ percentof the particulate(nongaseous) pollutants, includir@5
percentof the oxidizedand particleboundmercury dgong withmost of the other toxic
metals. Removal and handling of most of plagticulatein a dry form is advantageous
relative toremoval and handling wet if it were collectedn the scrubber.

1 The FGD collects 99ercentof the SQand other acid gaseous pa#ints, nearly all of
the remaining oxidized and partidund mercury (65percentof the total mercury),
and 35percenf the remaining particulate.



Figure 6-5. EmissionControls Configuration for Coal-Fired Electrical Generating Units

with SCR/ESP/FGD
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Section7. Assessment of cost and performance ofercury control technology as it may be
applied to uncontrolled sources ofmercury in North Carolina, inclu ding both coaltfired
electric steamgenerating units and other sources that eminercury, and including an
assessment of technologysed to satisfy requirenents of theCSA (G.S. 143215.107D), and
other requirements for controlling nitrogen oxide and sulfu dioxide emissions.

The first part of this assessment requires a listing of any uncontrollefireddboilers and other

principal sources that emit mercury and themassessment tife cost and performance of

mercury control technology that these sources might reasonably use to reduce their mercury
emissions. The second part of the assessment requires an evaluation of the performance and cost

of emission control equipmentinstalleds pr esented to the two North
companies to meet the requirements of the CSA, EGU MATS and the CSAPR/CAIR rules

through the reduction diOx andSQO..

Listed below in Table-4 are the facilities emitting one percemtmoreof thestatewide total
amount of mercury on the order of 1,800 Ibs per ,y&@aning those facilities with mercury
emissiongyreater than 18 Ibs/yr. Estimated mercury emissions listed in the table are from the
most recent 2010 DAQ inventory as reported by thiitias.

Thelargest EGU facilities with mercury controlsire listed in théirst group in Table 71. These

areDuk e Ener gy 6 <LliffSBide] Marshall atdrAleddcilities;and Pr ogress Ene
Roxboro, Mayo and Ashevillacilities. Documention provided under the CSA shows the net

overall environmental compliance costs for emission controls for Duke Energy of $1.84 billion

and for Progress Energy of $%.Billion, for a combined total of $2.89 billion in capital codts.

Identifiedin thesecondgroup in Table 71 are hesmallerEGU facilities withoutmercury
control s. Thes 8uclk Cliffsidd(Wrhite 14) FDare Rivgryarid SRiverbend
facilities; andP r o g r e s sCajperrear, lgeg, Sgton and Weathersgaoittties. These
uncatrolled facilities have been or will be retired by 2015.

The third group in Table-I containghreefacilities with high efficiency mercury control
systems already installed. These facilities include PCS Phosphate, Nucor Steel and Stericycle.
1 The maprity of mercury emissions from PCS Phosphate stem from six identical coal
fired calcinersSince 2006thecompany hagstalled wet ESPs on each calciner to
supplement the duplex cyclones exhausting to Venturi scrsitMet ESPs reduced
mercury emissianin 2006 from 24&s/yr to 25Ibs/yr in 2010. This additional 90
percentreduction in mercury emission control from wet ESPs renders this facility well
controlled.
1 Nucor Steel operates an electric arc furrtaceonvertscrap metal intsteelslabs witha
2,190,000 totyear annual capacitgontrolled by a baghouskluch of the scrap steel
comes from used vehiclesith most of the mercury contained in switches. Prior to the
NC.mercury switch removal progr atbsyriNucor 6s

402011 Clean Smokestadict Reportpp. 56, accessed 4ittp://dag.state.nc.us/news/legpril 2012.



2002. From 200&009its mercury emissions dropped to an average oflaggr, but
rose to 294bs/yr in 2010. DAQ is investigating the recent increase.

1 Stericycleoperates a medical waste incinerator controlled by an absorber/venturi
scrubber sysim. Like Nucor, Stericycle operates a high performance control system, but
their mercury emissions are also vulnerable to higfm@nnormal mercury levels in the
feedstock/feedstream to the process. The revised EPA medical waste incinerator rule will
requre Stericycle to further reduce mercury emissions for wiiplars to install a
carbon bed absorbby July 2013*

The fourth group in Table-T consists of three paper mill facilities with coahd/or oitfired

boilers without mercury control systenihese facilities include International Paper in
Riegelwood, Kapstone in Roanoke Rapids and Blue Ridge Paper in Canton. It is expected the
new Boiler MACT mercury limit will effect emission reductiby installing new emission

controls and/or from fuel stehing to natural gas. The two other paper mills artN Carolina

are switching from coal and/or oil to natural gas for their industrial boilers instead of installing
controls for continued coahnd/or oitfiring. EPA envisionghatmost coal or oil-fired boilers

would need a dry lime injection system with a baghouse to meet the proposed MACT emission
limits for mercury, PM and hydrogen chloride with capital costs of more than $1 million.

The last group in Table-X consists of two other facilitigscity of Greensboro sewage sludge
incinerator and Elementis Chromium in Castle Haiyas principal mercury emission sources.
1 The Greensboro sludge facility was recently rebuilt as a new fluidized bed incinerator
with a new high efficiency scrubber with ahsorbeutilizing sodium hydroxide
scrubber water for PM, acid gas and mercury contrests in 2011 showed mercury
emissims of 17Ibs/yr, meeting the new EPA emission limit for this category and
representing a significant drop from thelbd'yr mercury emissions in 2010.
1 Elementis Chromium produces chromium products from ore heated in kilns controlled
with quench tanks ahwet ESPs. In 2011 tlmpanyswitched from oil to natural gas
which is expected to reduce futurercuryemissions.

In summary, 19 facilities designated as the principal sources of mercury emissions either:
1 Have recently installed effective mercuryntmls and conducted emission testt®wing
their effectivenesssevenargest EGUSPCS, Nucor SteelndGreensboro Osborne)
1 Are required to install effective mercury controls and to conduct tests showing their
effectiveness to meet a more stringent ERgary emission limit (Stericycle);
1 Have switched fuel that will reduce mercury emissid@isnientis Chromium)or
1 Will be retired by 2015 (the 7 smaller EGUS).

The three paper mills with industrial boilers are considered the only uncontrolled g@rincip
sources of mercury emissions. For these facilities ghigsiored thatheir coal or oil-fired
boilerscould switch to natural gas oould need a dry limbaghousavith capital costs of more
than $1 millionto meet thenercuryemission limitsn the March 2011 final BoileMACT or in
the December 2011 reconsideioiler MACT (see Figure 4). However, it is currently

! Revised Hbspital, infectious, medical waste incineratBPS 40 CFR 60 Subpart @eercuryemission limis.



unknown whether the proposed limits will remain in tbeonsidere®oiler MACT rule
expected to be finalized summer oR012. Since these three facilities have 112(j) boiler
permits, their expected compliance date kg Boiler MACT will be in 2018

TABLE 7-1. MERCURY EMISSION CONTROL PERFORMANCE OF SIGNIFICANT
NORTH CAROLINA SOURCES

201 Industry secto
Mercury . g Mercury Control Comment:
Sourct o Major emissiol L
Emission Characterizatio
sourct
(Ibly )
Group 1. EGUs with high efficien:mercury controls installe
1 | Progres - Roxborc 14
2 | Progres - Maya 6 90% mercury control on avera
3 | Duke - Marshal 5 . required by EP.
4 | Progres - Asheville 2 E;Eﬁr\évéth MATS rule effective il
5 | Duke - Belews Cree 2 boilers 2015; new controls alrea
6 | Duke - Allen 1 ) installed cost $2.9 billio
7 Dukei Cliffside Units £-6 9
Dukei Cliffside Units 1-4 Retired Oct 201!
Group 2. EGUs already retired or planned to be retilurrently withou mercury emission contrc
8 | Progres - Suttor 11 Retire end 201
9 | Progres-Le 11 Retirefall 2012
1 | Duke - Riverben( 8 EGUs with RetireJan 201
1 | Duke - Buck 8 cod-fired Retired mid 201
1 | Progres - Cape Fet 7 boilers Retiremid 201
1 | Duke - Dan Rive 3 Retired April 2012
1 | Progres - Weatherspoc 3 Retired fall 2011
Group 3. Facilities with high efficiency controls already inst:
1 | PCS Phospha - Aurors 2 Fert@lizer, coe _High efficiency control
calciner: installed recentl
High efficiency controls wit
Steel variable mercury feed leve
1 | Nucor Stee - Hertforc 29 electric ar expect lower future emissis
furnace from vehicle mercury switc
removal progral.
Waste High efficiency controls wit
1 | Stericyclei Haw Rive 1 medical wast .
L variable mercury feed leve
incinerato

Group 4. Industrial boilers expected

to install mercury controls in

response to EPA MAI

Rapid:

1 | International Pap: - Riegelwoot 12
1 | Blue Ridge Pap: - Cantot 4
2 Kapstone Kraft Pap i Roanok 5

Pape industn,
cod-fired
boilers

Currently without mercut
controls; expect Boiler MAC
mercury limit to reduce futu
emissions from new contr¢
and/or fuel switching

Group 5.0ther facilities with principal mercury emission sou

Effective new controls install¢

Governmen . . i
2 | Greensbori Osborne POTW 5 sewage sludc in 2010; 2011_Hg emissions

s * | 17 Ib/yr, meeting new EPA rL

incinerato AT .

emission limit for thi categor

Chromiurr Switched fuel from oil to gas
2 | Elementis Chromiul 2 prod_uqts 2011 and e>?pe.°t o redy

#6 oil fired mercury emission

kil ns




Section8. Provide a recommendation of mercury control technology, including the cost
and expected reductions in mercury emissions

By Jan 1, 2013, both Duke Energy and Progress Energy will be required to submit mercury
control plans identifying the technology for use at each’@ifihe objective is tachieve
maximum reduction in mercury emissions that is technically and economically fessimat
relying on mercury allowances obtained through any trading sy$teair. installed controls and
cost were reported in Section 7, along with their intention to retire uncontrolled units.
Section 8 discuges any needs for additional mercury consa@narios with cost considerations.

The SQ and NOx controls, which were installed under CSA, have achieved their respective
emission reduction targets prior to their respective compliance dates. These emission reductions
also appear to be sufficienttoeet the CSAPR emission budgets without the use of purchased
allowances. The EPA MATS establishes emission rate lithigsli§/ TBtu) for mercury, likewise

to be met without the use of purchased allowances or emissions trading. In contrast, the now
vacatedClean Air Mercury Rule (CAMR) allowed compliance through a cap and trade budget.
The intent under CSA, has been to restrict the sale pABONOX allowances to others and to
surrender to thetate those allowances that were not used to offset emis$ioisquestion
regarding the ability of the companies to reach the CAMR budgets without trading disappears
due to the current regulatory approach under MATS. The combined controls installed on CSA
units appear to comply with the MATS mercury emission iatgd, eliminating the need for
additional expensive pollution control equipment.

According to the information presented in Section 7, the remaining threE@0runits that

may need additional mercury emission controls are in the process of beingegnider new
federal regulations. They will have requirements to achieve compliance with either appropriate
emission controls, or fuel switching to natural gas. Closure of thesE@bls does not appear

to be likely as they seem to be capable of achiesamgpliance.

In conclusion, DAQ finds that currently there is no need for further mercury reductions from the

coal fired electrical generating units that did not install controls specifically for mercury under

CSA. In some cases, factors related to neddfiel costs and resultant emission reductions have

caused the companies to replace their generation capacity by switching to natural gas. In
combination with the companiesd plans to shut
of any remainingosts is no longer relevant.

4215 NCAC15A NCAC 02D .251(b).



Section9. Results of studies and monitoring on mercury in fish in North Carolina,
including an evaluation of the impact of reduced mercury emissions from codired power
plants on the level of mercury observed in fish tissue

AMercury and its specieso means all compounds
for in fish tissue bioassays. Fish tissue samples collectedrih Garolinaare typically analyzed
for total mercury, which exists almost entirely {880 percent as methylmercury.

9.1 Executive Summary

A primary objective of the DWQ fish tissureonitoring program is to provide state health

officials with information about mercury concentrationsosmg gameish populations for the
protection of North Carolinads citizens who ¢
datasets from locations throughout North Carolina, which have routinely showndisliry

contamination at various levels amangst waterbodies. Routine statewide monitoring of total
mercury among one of the stateds most popul ar
(Micropterous salmoidgshas resulted in a statewide consumption advisory fotdpigredator

species.

The rate and degree to which mercury bioaccumulates within fish and other aquatic biota is
dependent on a host of environmental and biotic factors including a watéspoaductivity,

food chain length and rates of mercury methylation, which are all idefnied by

geographical, physical and chemical characterisfitsterbodies locatedin h e sdastal e 0 s
plain ecoregionggenerally east of95) are known to be particularly susceptible to mercury
contamination and bioaccumulation in fish because of their specific environmental conditions.
Rel ative to the piedmont and mou-Hyingfresh areas o
water systems include wetlands and stowaving streams that are typically characterized by

warm, low pH waters with high concentrations of dissolved organic carbon. Notwithstanding
these principal environmental characteristics and their infleeon fish mercury concentrations

in the eastern part of the state, a comprehensive understanding of mercury transport and cycling
in freshwater ecosystems is still vaguely understood.

In response to the current schedule of mercury emission reductiorsm Nor t h Car ol i n
fired electricity generating facilities per 15A NCAC 2D .2509, 13 statewide monitoring stations

were established by DWQ in 2008 for letegm fish mercury analysis. Using linear regressions

of Largemouth Bass mercury concentratipno statistically significant linear trends have been

observed at these monitoring stations. Given that the current and future mercury emission

reductions from codired boiler units operating in North Carolina make up a small amount of

the total mercry deposition in rth Caroling it is possible that statistically significant trends of
decreasing fish mercury levels will not become clear any time soon.

92 North Carol i nbalabaseci sh Mer cury

DWQodés fish tissue r es weduivatenttfooethylmertcug)laremsedasur y (
indicators of human and wildlife health concerns related to fish consumption. From 1990 to

2011, DWQ has processed and analyzed approximately 7,600 fish tissue samples for total

mercury from approximately 330 statieM locations (Figur8-1). This data set represents an

average of 23 fish tissue samples per collection site.



A majority of the records in the DWQ mercury database are associated with the following five

fish species: Largemouth Baddi¢ropterus salmoidg), Bowfin (Amia calvg, Bluegill (Lepomis
macrochiru3, Redear Sunfish.épomis microlophusgind Channel CatfisHdtalurus punctatups

Collective records for these species represepieb&entof the DWQ fish tissue mercury data

collected from 1990 to@1. Six of the most common fish species included in the DWQ mercury
database (i.e. Largemouth Bass, Bowfin, Chain Pickerel, Warmouth, Yellow Perch, and Spotted
Sucker) are characterized by mercury data tha
advisory action level of 0.4nilligram (mg)/kg in greater than half of their respective records.

This list is represented by either top predator or bofeeding species in which mercury
bioaccumulation is most pronounced.

Figure 9-1. 19901 2011 DWQstatewide fish mercury sampling station locations. Note:
many overlapping sites are not visible at this resolution.

Largemouth Bass embody the largest data subset within the DWQ fish mercury database,
representing 2,528 or 3#rcentof the 7,615 recorddost of the elevated mercury

concentrations in Largemouth Bass occur within the Coastal Plain ecoregion, which is

effectively equivalent to locations found east-&5l (Figure9-2). However, mercury

concentrations in Largemouth Bass that exceedthe état f i sh consumpti on ad
of 0.4 mg/kg occur statewide. The highest mercury burdens of Largemouth Bass have been

found in the southernmost part of the state in the Waccamaw River watershed, with mercury
concentrations reaching a maximunBdd mg/kg. The Sandhills Ecoregion, which includes the

upper reaches of the Lumber River Basin in Scotland, Richmond, Hoke and Moore counties, also
hol ds numerous Largemouth Bass samples that a
advisory action lesl.



